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(57) The invention relates to a high performance 
catalyst containing a n inner and an outer laver on an 
in^rt rarrief tody comprisin g noble metals fro m the plat- 
inum group deposited on supjoortmaterials. The catalyst 
is characterised in that, thejnner)ayer comprises plati- 



num deposited on a first support and on a first oxygen 
storage_component and ih^Q^p layer comprises plat - 
Jnyjp-aft d rhodium deposited on a s econd s upport only 
and the second layer further comprises a second oxy- 
gen storage component. 
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[0001] The present invention relates to a high performance three-way catalyst (TWC) containing an inner and an 
outer layer on an inert carrier body. The layers comprise noble metals from the platinum group deposited on support 
5 materials. w 

[0002] Three-way catalysts are primarily used to convert the pollutants carbon monoxide (CO) hydrocarbons (HC) 
and nitrogen oxides (NO x ) contained in the exhaust gas of internal combustion engines into harmless substances 
Known three-way catalysts with good activity and durability utilise one or more catalytic components from the platinum 
group metals such as platinum, palladium, rhodium and iridium deposited on a high surface area refractory oxide 
"> support, e.g., a h.gh surface area alumina. The support is usually carried in the form of a thin layer or coating on a 
r 5 ™,' 6 C -fu ner ° r substra,e such as a monolithic carrier comprising a refractory ceramic or metal honeycomb structure 
[0003] The ever increasing demand for improved catalyst activity and life has led to complex catalyst designs com- 
prising multiple catalyst layers on the carrier structures, each of the layers containing selected support materials and 
catalytic components as well as so called promoters, stabilisers and oxygen storage compounds 
is [0004] US Patent No. 5,063, 1 92 describes a three-way catalyst with improved resistance to thermal stresses which 
consists of a first and a second catalyst layer. The tirst layer is directly coated onto the surface of a monolithic honey- 
comb earner and comprises active alumina and deposited thereon catalytic components comprising platinum and/or 
rhodium and at least one compound from zirconia, lanthana or barium oxide. The second layer is coated on top of the 
first layer and comprises active alumina, ceria and a catalytic component which comprises palladium The oxides of 
z.rcon.um, lanthanum and/or barium prevent the particles of active alumina Irom sintering due to high exhaust qas 
temperatures and thereby improve thermal resistance of the three-way catalyst. 

[0005] US Patent No. 5.677,258 describes a three-way catalyst containing barium oxide with improved resistance 
against poisoning with sulfur and water. The catalyst consists of two layers on a honeycomb carrier. The lower catalyst 
layer is located d.rectly on the carrier and comprises at least barium or lanthanum. The upper layer comprises a water 
adsorbing component. The catalyst further comprises a catalytically active metal which is located at least in the lower 
or upper layer. In a special embodiment the lower layer further comprises palladium and active alumina and the upper 
layer further comprises platinum and rhodium. 

[0006] US Patent No. 5,057,483 discloses a three-way catalyst comprising two discrete layers on a monolithic carrier 
The first, lower layer comprises a first activated alumina support, a catalytically effective amount of a first platinum 
catalytic component dispersed on the first alumina support, and a catalytically effective amount of bulk ceria The 
second or outer layer comprises a co-formed rare earth oxide-zirconia support, a catalytically effective amount of a 
first rhodium catalytic component dispersed on the co-formed rare earth oxide-zirconia support, a second activated 
a umina support, and a catalytically effective amount of a second platinum catalytic component dispersedolTthe second 
alumina support. ' 

35 [0007] PCT-Publication WO 95/351 52 discloses another three-way catalyst, consisting of two layers which is ther- 
mally stable up to 900°C or more. The first layer comprises a first support; at least one first palladium component 
optionally a first platinum group component; optionally at least one first stabiliser; optionally at least one first rare earth 
metal component and optionally a zirconium compound. The second layer comprises a second support a second 
platinum component; a rhodium component; a second oxygen storage composition comprising a diluted second oxyqen 
storage component; and optionally a zirconium component. 

[0008] German publication DE 1 97 26 322 Al describes a three-way catalyst which exhibits improved activity and 
thermal stabil.ty and which consists of two layers on an inert carrier. The first or lower layer comprises several particulate 
materials and one or more highly dispersed alkaline earth metal oxides and at least one platinum group metal which 
exhibits an intimate contact with all components of the first layer. The particulate materials of the first layer comprise 
at least one particulate oxygen storage material and at least one further particulate component. The second layer 
comprises again several particulate materials and at least one platinum group metal. The particulate materials of the 
second layer comprise at least a particulate oxygen storage material and a further particulate component The platinum 
group metals of the second layer are deposited selectively on the particulate materials of the second layer Preferably 
the platinum group metal in the first layer is palladium and the platinum group metals of the second layer are platinum 
50 and rhodium. 

[0009] This latter three-way catalyst exhibits excellent catalytic activity especially during the cold start phase of mod- 
ern .ntemal combustion engines which are operated with lean air/fuel mixtures during cold start to increase the exhaust 
gas temperature as fast as possible. The excellent behaviour of the catalyst is essentially due to the use of palladium 
wh,ch under lean exhaust gas conditions yields lower light off temperatures than platinum. Despite its excellent per- 
formance this catalyst faces the problem that there has developed a shortage in palladium supply during the last years 
resulting in rising prices and an uncertain supply situation. 

[0010] A further problem with existing three-way catalysts is the fact that they suffer under fuel-cut aging The term 
fuel-cut aging desenbes catalyst performance degradatbn due to fuel-cut after high load operation of the internal 
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combust.cn engine. Such a situation occurs frequently during fast drivirigphases when abrupt deceleration is required 
During fast driving phases the engine is operated at air/fuel ratios slightly below the stoichiometric value The exhaust 
gases may reach temperatures well above 800°C resulting in even higher catalyst temperatures due to the exothermic 
conversion reactions at the catalyst. In case of abrupt deceleration modern motor electronics completely stop fuel 
supply to the engine with the result that the normalised air/fuel ratio (also called lambda value >.) of the exhaust qas 
lumps from rich to lean values. 

[0011] These large excursions of the normalised air/fuel ratio from rich to lean values at high catalyst temperatures 
degrade catalytic activity. Catalytic activity can at least partly be recovered by prolonged operation under stoichiometric 
exhaust gas conditions. The faster catalytic activity is regained after fuel-cut aging the better is the overall catalyst 
performance. Speeding up recovery of catalytic activity after fuel^ut aging is therefore mandatory for modem three- 
way catalysts. 

[001 2] An object of the present invention is to develop a three-way catalyst based on platinum and rhodium which 
exhibits a similar catalytic performance as known palladium/rhodium catalysts and which is commercially competitive 
o the latter. Further, after high temperature aging under lean exhaust gas conditions, the catalyst should recover its 
full three-way efficiency quickly. The catalyst should also exhibit an improved nitrogen oxide conversion to reduce the 
ozone forming potential of the cleaned exhaust gas. 

[001 3] These and other objects are achieved with a catalyst containing an inner and an outer layer on an inert carrier 
body comprising noble metals from the platinum group deposited on support materials The catalyst is 
characterised in that 

the inner layer comprises platinum deposited on a first support and on a first oxygen storage component and the outer 
layer comprises platinum and rhodium deposited on a second support and the outer layer further comprises a second 
oxygen storage component. 

[0014] The catalyst of the present invention consists of a catalytic coating comprising an inner and an outer layer on 
an inert catalyst carrier and therefore forms a so called double layer catalyst. The "inner layer' is meant to be the first 
layer of the catalytic coating deposited directly on the catalyst carrier. The inner layer is covered with the "outer layer" 
or second layer. The exhaust gas to be treated with the catalyst directly comes into contact with the outer layer. 
[0015] The term "support material" or "support" is used in the present invention to designate a particulate material 
onto which catalyncally active components such as the noble metals from the platinum group of elements or other 
promoter components can be deposited in highly dispersed form, i.e. with crystallite sizes between 1 and 10 nm For 
that purpose the support materials should have a specific surface area (also called BET surface, measured according 
to DIN 661 32) of more than 5 rrtf/g. The first and second oxygen storage components of the catalyst are also used in 
particulate form. 

[0016] Without wanting to restrict the present invention to a particular theory, it is assumed that the contribution of 
the lower layer to the overall catalytic performance of the catalyst consists mainly in the oxidation of hydrocarbons and 
carbon monoxide while the main task of the outer layer is the reduction of nitrogen oxides. But the outer layer also 
contributes, particularly in the cold start phase, towards conversion of hydrocarbons and carbon monoxide 
[0017] The superior properties of the catalyst according to the invention with regard to fuel cut aging and nitroqen 
ox.des convers.cn is mainly attributed to the fact that in the outer layer platinum and rhodium are deposited on the 
second support material only. 

[0018] It was observed that depositing pjaljm«xand_rj^unr^ the same support material shortens the recovery 
time of catalytic activity after exposure to lean exhaust gas conditions at high temperatures. This in turn yields higher 
conversion effic.enc.es for nitrogen oxides over a full driving cycle. Depositing platinum and rhodium onto the same 
support material means in the context of the present invention that platinum and rhodium are dispersed on the same 
particles of the second support material, that is, platinum and rhodium are at least closely neighboured on the same 
panicles. Further improvements can be obtained by ensuring an intimate contact between both noble metals How this 
can be accomplished will be discussed further below. 

[0019] According to the present understanding of the invention the reasons for fuel cut aging of three-way catalysts 
may be that large excursions of the normalised air/fuel ratio from rich to lean values at high catalyst temperatures 
degrades the c atalytic activity e specjajjy_pt rhodium. Under stoichiometric or rich exhaust gas conditions rhodium is 
reduced nearly to the oxidation state zero which is the most effective state for three-way catalysis. Under lean exhaust 
gases and at high catalyst temperatures, rhodium gets oxidised up to oxidation level +3. This oxidation state of rhodium 
is less active for three-way conversion of pollutants. Moreover, sinceRh^ is isomorphic in crystallographic structure 
-laAJg^.t can migrate at temperatures above 600°C jotgi hcJattice oTaTnffifna or other isomorphic support oxides of 
the genial composition M 2 0 3 (M stands for a metal atom), resulting in a permanent degradation of catalytic activity 
[0020] To regain its catalytic activity andjoawioJgssesjaUhodj^ into the lattice of alumina, rhodium must therefore 
be reduced as quickly as possible when the exhaust gas composition changes bacTTlD-stoiehienTStry. According to the 
present understanding of the invention, reduction of rhodium to oxidation state zero is catalysed by platinum The more 
intimate the contact between platinum and rhodium is. the better is this reductbn effect. 



BNSDOCID: <EP I046423A2_I_> 



3 



55 



EP 1 046 423 A2 

[0021] In addition, the tendency of Rh 2 0 3 to migrate into isomorphicTsupport oxides can be limited by appropriate 
doping of these oxides. Beneficial are doping components which are capable of generating activated hydrogen under 
reducing conditions. The activated hydrogen helps to convert rhodium oxide more rapidly into the metallic form under 
reducing conditions, and hence the risk of Rh 2 0 3 migrating into the support oxide is further minimised. A suitable 
5 doping component for that purpose is cerium oxide (ceria). But since ceria also exhibits an oxygen storage and release 
capability the amount of doping with ceria must be kept low so as to not promote oxidation of rhodium by a too high 
level of ceria in the support oxide. 

[0022] The present invention will be further understood with reference to the accompanying drawings, wherein Figure 
1 shows a schematic representation of the measuring principle for determining CO/NO x cross-over points. 
10 [0023] Specific embodiments of the catalyst according to the invention will now be explained in more detail. 

[0024] The first and second supports of the catalyst may be the same or different. Preferably the first and second 
supports are selected from the group consisting of silica, alumina, titania, zirconia, mixed oxides or mixtures therefrom. 
The term "mixed oxide" designates an intimate mixture of two or more oxides on an atomic level which may be regarded 
as a new chemical compound, while the term mixture designates the mechanical mixture of two or more particulate 

15 oxide materials. s* 

[0025] Most advantageously, the supports are selected from activated ^alurnjn^sroptionally complemented by zirconia 
or a zirconia-rich zirconia mixed oxide. Activated aluminas exhibit speclHcsurface areas of up to 400 rrvVg. They 
comprise the various phases from the transition aluminas which are formed by heating aluminium hydroxides in air 
(see Ullmann's Encyclopaedia of Industrial Chemistry; Fifth Edition, 1 985, Volume Al, pages 561 and 562). For improved 
20 temperature stability, the active aluminas can be stabilised with 0,5 to 20 wt.-% of lanlhana. Such materials are com- 
mercially available. The frequently used stabilisation of alumina with barium oxide (baria) is less preferred if alumina 
is used as support material for platinum because this bears the risk of formation of barium platinate. 
[0026] The term "zirconia-rich" means that the material contains at least more than 50% by weight of zirconia, pref- 
erably more than 60 and most preferable more than 80% by weight, the balance being formed by yttria, neodymia, 
calcium oxide (calcia), silica, lanthana or ceria which serve to stabilise zirconia against thermal stresses. Most prefer- 
ably a zirconia-rich zircon ia/ceria mixed oxide is used. Pure zirconia and the stabilised zirconia compounds will be 
summarised under the term "zirconia component" in the following. 

[0027] The jnnec^cn^t ^Ua^er of the catalyst contains : in addition to stabilised alumina and the optional zirconia 
component, an^y£e^torag0>material for improved three-way conversion of the pollutants. Ceria is well-known to 
exhibit an oxygen storage capability. Under lean exhaust gas conditions, cerium is completely oxlHi^edTo the oxidation 
state Ce 4+ . Under rich exhaust gas conditions ceria releases oxygen and acquires the Ce 3+ oxidation state. Instead 
of using pure ceria as an oxygen storage compound it is preferred to use ceria-rich ceria/zirconia mixed oxide com- 
pounds with a ceria concentration of from 60 to 90 wt.-% relative to the total weight of the mixed oxide. Such materials 
are available with specific surface areas of 20 to 200 nr^/g and exhibit a good temperature stability of the surface area. 
Further improvements can be obtained by stabilising this material with praseodymia, yttria, neodymia, lanthana or 
mixtures thereof. For stabilisation concentrations of the stabilising compounds of from 0,5 to 10 wt.-%, relative to the 
total weight of the stabilised material, are sufficient. Stabilising of oxygen storage m aterials based on ceria using pra- 
seodymia, neodymia, lanthana or mixtures thereof is described in German patent application DE 197 14 707 A1. 
[0028] According to the present invention both, t he support materials and the oxygen storage compound serve as 
supports for platinum in the first layer. Depositing platinum on only one^bf these materials has proved to yield inferior 
catalytic activities. 

[0029] The oxygen storage material of the outer layer may be the same as, or different from, the storage material of 
the inner layer. Iljsj xeferred to use the same storage material f or the inner and outer layer, especially ceria/zirconia 
mixed oxides stabilised with praseodymia. Ihe second oxygen storage material of the outer ja yer must be kept free 
Jrom rhodium. Depositing rhodium on the second oxygen storage material would lead to deactivation of rhodium's " 
reducing activity by oxidation of rhodium. 

[0030] The outer or second layer may further comprise a certain quantity of active alumina in paniculate form which 
serves as a diluting material. This material may or may not be stabilised with lanthana or baria. 
[0031] Further improvements of catalytic activity and temperature stability can be obtained if the second layer is 
complemented with a highly dispersed component selected from the group consisting of yttria, neodymia, lanthana or 
praseodymia, with praseodymia being preferred. These compounds may be introduced into the layer by adding a 
soluble precursor compound of these compounds to the coating composition of the second layer. 
[0032] The term "dis persed component" m eans that, contrary to a "particulate component", this material is added to 
the coating composition^ the form of a soluble precursor compound which acquires its final dispersed form upon 
calcining of the catalytic coating. The average particle size of dispersed components may range between 0,001 and 
0,1 jim while particulate components usually exhibit mean particle diameters between 1 and 15 um. 
[0033] The dispersed component of the second layer serves multiple functions. At first, it stabilises the particulate 
components (alumina support and ceria/zirconia oxygen storage component) of the second layer against thermal deg- 
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radation. Therefore when adding, e.g., praseodymia in dispersed form To the second layer, ceria/zirconia must not be 
stabilised beforehand h..i will ho stabilised in situ during the manufacture of the coating. Secondly, praseodymia exhibits 
also an oxygen storage and release function which helps to improve the dynamic behaviour of the final catalyst, though 
the oxygen storage c^:.ib iny of praseodymia is not so pronounced as that of ceria. 

[0034] The catnlysi cm* body used in the present invention is in the form of a honeycomb monolith with a plurality 
of substantially pnin loi p..^,qo ways extending therethrough. The passage ways are defined by walls onto which the 
catalytic coating compr -^uig ihc inner and the outer layer is applied. 

[0035] The pass..qo w..y* o! the carrier body serve as flow conduits for the exhaust gas of the internal combustion 
engine. When flovs.r CJ i-„ouqh these passages, the exhaust gas comes into close contact with the catalytic coating 
whereby the poliui..ni-. coni..mcd in the exhaust gas are converted into benign products. The carrier bodies may be 
manufactured Iron .,m V iu.i.ibie material, such as from metallic or ceramic materials, as is well known in the art The 
passage ways are ..... ...;,.xf .n H regular pattern over the cross section of the carrier bodies. The so-called cell density 

(passage ways po. oov, -.ec-oral area) may vary between 10 and 200 cm*. Other suitable carrier bodies may have 
an open cell kvim muk-iuk- Mcullic or ceramic foams may be used. 

[0036] The «nc. i.. v .:- o 1 u«? cntalytic coating is applied to the carrier body in amounts of from about 50 to 250 g/l 
and the outc. l^ye, ,-. ., ; >p.,.xi .n amounts ol from 10 to 150 g/l of the carrier body. Advantageously, the inner layer 
comprises ol iro*-. :v i , it, - a I ol said first support component and from 10 to 100 g/l of said first oxygen storage 
component The m..^ i, V o. .. ., v further comprise 5 to 60 g/l of zirconia or of a zirconia component. Platinum is present 
in the first Inyc. in cc*k ._-mi.,i ons of from 0,01 to 5. preferably from 0,05 to 1 wt.-%, relative to the total weight of the 
first layer TIiclo k i; r,:f. u i platinum relative to the volume of the catalyst carrier ranges from 0,01 to 12,5 g/l, with 
« 0 {;. f j ,1. .d 2 g/l being most suitable. 

" aI *'»3odiment, the first support comprises an active alumina with a specific surface area 
; M..t..i.sod with lanthana, while the first oxygen storage component is advantageously selected 
* . mixed oxides containing 60 to 90 wt.-% of ceria and additionally stabilised with 0,5 to 10 
1 ■».'"•,,. This composition of the first layer is believed to improve its catalytic function with 

h f "jro:.irbons (HC) and carbon monoxide (CO). 
■m f» - c.iiHlytic coating comprises of from 5 to 100, preferably of from 5 to 20 g/l of said second 
■v> i 'oiefHbly from 5 to 50 g/l of said second oxygen storage component. The outer layer may 
' ■ i nt aclivated alumina. In the outer layer, platinum and rhodium are deposited on the 
i'.-m- ir.o inner layer, the concentration ol the noble metals relative to the weight of the sup- 
*>. r„: ,!, C r in the outer layer. Thus, concentrations of platinum plus rhodium between 0,5 and 
a.m jr it oi ihc second support material may be selected with concentrations between 1 and 15 
f» ■ ■ concentrations correspond to concentrations relative to the volume of the catalyst carrier 
\ ! t.'.'i.jiHbly between 0,05 and 15 g/l. 

-.f » i i itinum in close contact to rhodium in the outer layer helps to reduce rhodium oxide 
. .o-. back to the metallic state. For performing this task; the mass ratio between platinum 
• .-. N \i oc:ween 5:1 and 1:3. Mass ratios between 3:1 and 1:1 are most effective. 
.•=-• v. * ■incr layer, the second support is preferably selected from an active alumina with a 
a. • [ ;> ,«nd 200 m 2 /g stabilised with lanthana, while the second oxygen storage component 
/.rconia mixed oxides containing 60 to 90 wt.-% of ceria additionally stabilised with 
v-w.1 «Pr 6 O n ). As discussed above, stabilisation with praseodymia, or alternatively with 
cm h so be achieved by adding these compounds as highly dispersed components to 

.^pressing the emission of hydrogen sulfide the first and second layers of the catalytic 
i-" •■ " *n nbout 1 to 40 g/l of a nickel, iron or manganese component 
t?» ; '."-;ni invention may be manufactured in various ways. Some of them will be described 
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- - . l , y ui the passage ways of the catalyst carrier can be coated with an aqueous coating 
** ft ' " uUlc support materials of the inner layer (including the first oxygen storage material), 
.co be called coating dispersion within the context of this invention. The techniques for 
- -.iK- (i h coating composition are well known to the expert. The coating is then dried and 
* ».it>iy done at elevated temperatures of up to 150°C. For calcining the coating, temper- 
ed period from 0,1 to 5 hours should be applied. 
[0044] After c^c.r.,i.on pi .imum may be dispersed onto the coated carrier body by dipping the monolith into a 
solution containing - p.ccu.«>. compo und of platinum. The solution may be an aqueous or non-aqueous (organic 
solvent) solution Any put nun precursor compound"may be used, provided the compound is soluble in the chosen 
solvent and decompo^ upm hnating in air at elevated temperatures. Illustrative of these platinum compounds are 
chloroplat.nic acid ammon.um chloroplatinate, platinum tetrachloride hydrate, platinum dlchl orocarbonyl dichlor. cJe 
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dinitrodiamino platinum, platinum nitrate, platinum tetraammine nitrate arid platinum tetraammine hydroxide. After im- 
pregnation, the coating is again calcined at temperatures between 200 and 500°C in air. 

[0045] Alternatively, the inner layer may by prepared by first impregnating the particulate materials of the inner layer 
with an aqueous solution of a soluble precursor compound of platinum, drying and calcining the impregnated particulate 
materials to thermally fix platinum thereon. This catalysed material is then used to prepare the aqueous coating com- 
position for coating the walls of the passage ways of the carrier body. The coatinq is then dried and calcined as described 
above. 

[0046] In a preferred method for providing the inner layer there is prepared an aqueous dispersion from the particulate 
materials of the inner layer. For depositing and fixing platinum onto the particulate materials of the dispersion a solution 
of platinum precursor compounds is injected slowly into the dispersion, and then the platinum compound is precipitated 
onto the particulate materials by properly adjusting the pH-value of the dispersion to yield the final coating composition 
During injection and precipitation, the dispersion is continuously agitated to rapidly distribute the injected solution ho- 
mogeneously over the whole volume of the dispersion. The precipitated compounds firmly adhere to the suDDortino 
materials. r y 

[0047] The method of precipitation by injection is described in German patent applications DE 197 14 732 A1 and 
DE 197 14 707 A1. In the following it is also called injection precipitation. 
[0048] Suitable platinum precursor compounds for this deposition method are those already described above In 
addition, amine solubilised platinum compounds such as methylethanolamine platinum (IV) hexahydroxide ((MEA) 2 Pt 
(OH) 5 = (OH-C 2 H 4 -NH 2 -CH 3 ) 2 +Pt lv (OH) 6 ) and ethanolamine platinum (IV) hexahydroxide ((EA) 2 Pt(OH) 6 = (OH-C 2 H 4 - 
20 NH 3 ) 2 + Pt'V(OH) 6 ) or other organic derivatives of quaternary ammonium salts may be used. These anionic complex 
compounds of platinum are known to yield platinum metal d eposits of hig h dispersion. 

[0049] The amine solubilised precurso^c^T?^^ highly basic aqueous solutions. When using alumina as 
support material, the amine solubilised precursor compounds are readily fixed onto the surface of alumina by adsorp- 
tion. By neutralising the dispersion, the adsorbed species can be fixed chemically. 
25 [0050] The coating dispersion thus prepared is then used to coat the walls of the passage ways of the carrier body. 
Afterwards the coating is dried and calcined in air. 

[0051] The above described method of injection precipitation is preferred because it involves only one drying and 
calcining step whereas the first two methods each require two drying and calcining steps. 

[0052] Preferably, the first oxygen storage component for the lower layer is selected from a ceria-rich ceria/zirconia 
m.xed ox.de stabilised with praseodymia. An already stabilised material may be used or stabilisation may be effected 
in a separate manufacturing step. Ceria/zirconia may also be stabilised with praseodymia in situ during the preparation 
of the first layer. For that purpose, a solution of a praseodymia precursor compound may be prepared and ceria/zirconia 
is dispersed therein. Then ammonia is injected into the dispersion to precipitate the precursor compound onto ceria/ 
zirconia. Suitable praseodymium precursor compounds are praseodymium acetate or nitrate. 

[0053] The resulting dispersion is then used to prepare the final coating composition by further adding active alumina 
and optionally a particulate zirconia component. The particulate materials of this dispersion are then catalysed with 
platinum by the already discussed injection precipitation. 

[0054] After having deposited the inner layer onto the catalyst carrier, the outer layer may be prepared as follows 
[0055] ^^AUirsj^he second support carrying platinum and rhodium is prepared by impregnating this support with an 
aqueous solution of soluble precursor compounds of platinum and rhodium, and drying and calcining the impregnated 
support. Thereafter the catalysed support, the second oxygen storage compound and additional active alumina are 
dispersed in water to obtain a coating composition. This coating composition is used to apply the outer layer on top of 
said inner layer. Finally, the coated carrier body is again dried and calcined as described herein. 
[0 ° 56 J Suiialalfctfecursor compounds for platinu m are those already mentioned above. As precursor for rhodium^ 
^ hexaammmerhodium chloride, rhodium trichloTio^rROTium carbonylchloride, rhodium trichloride hydrate, rhodium nT^ 
trate and rhodium acetate may be used advantageously, but rhodium nitrate being preferred. 

[0057] The second support may be impregnated with platinum and rhodium precursors sequentially in any order or 
simultaneously from one common solution. However/as pointed out above, it is highly desirable to obtain a contact 
between platinum a nd rhodium as i ntimate as possible. It was found that this is best achieved by first depositing platinum 
and subsequently rhodium onto the support material by the above described injection precipitation. For that purpose 
the precursor compound for platinum is selected from amine solubilised platinum like ethanolamine platinum (IV) hex- 
ahydroxide, and precipitation of platinum is effected by properly adjusting the pH-value of the dispersion After the 
precipitation of platinum, the support is not dried and calcined but rhodium is then directly precipitated from a solution 
of an acidic precursor compound of rhodium such as rhodium nitrate. 
55 [0058] For that reason, the aqueous coating dispersion for the outer layer is prepared by preparing a first aqueous 
dispersion from the second support material, preferably active alumina, and then injecting an aqueous solution of an 
amine solubilised precursor compound of platinum into the dispersion. The amine solubilised precursor compound of 
platinum is readily adsorbed onto the active alumina. Thereafter, an aqueous solution of an acidic precursor compound 
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of rhodium is injected into this dispersion and the pH-value of the dispersion is properly adjusted to fix the platinum 
and rhodium compounds onto the second support. 

[0059] Thereafter, the catalysed second support material may be separated from the liquid phase of the first disper- 
sion and dried and calcined before redispersing it together with the second oxygen storage component, and optionally 
additional active alumina, to form the coating dispersion for the outer layer Most suitably, spray or flash calcination 
may be employed for calcining the catalysed support material. In case of spray or flash calcination, the wet material 
is injected into a hot stream of a gas with a temperature between 700 and 1000°C, giving rise to drying and decom- 
position of the precursor compounds within a few seconds' or even within less than a second. This results in a high 
dispersion of the forming noble metal crystallites. 

[0060] However, it is j^fcTOft lo avoid the intermediate step of drying and calcining the catalysed second support 
material and to directly add the second oxygen storage component, and optionally additional active alumina, to the 
first dispersion containing the catalysed second support. This is possible because platinum and rhodium are fixed firmly 
to the second support material by the described injection precipitation. 

[0061] The coating dispersion thus obtained is then used to apply the outer layer on top of the inner layer followed 
by drying and calcining the coated catalyst carrier. The latter preparation method for the outer layer is preferred over 
the formerly described method because it avoids the separate heat treatment of the catalysed second support. 
[0062] The second oxygen storage component is preferably selected from a ceria/zirconia mixed oxide stabilised 
with praseodymia. Stabilisation of ceria/zirconia can advantageously be achieved by the in situ method already de- 
scribed above. For that purpose, the solution of the praseodymium precursor compound, ceria/zirconia and optionally 
alumina are added to the dispersion containing alumina catalysed with platinum and rhodium. The resulting dispersion 
is then used to apply the second coating layer. Upon calcination of this layer, the praseodymium precursor forms highly 
dispersed praseodymia on the surface of the particulate materials of the second layer. Thereby ceria/zirconia gets 
stabilised against thermal stresses, and in addition, the oxygen storage capacity of the catalyst is enhanced by the 
oxygen storage capacity of praseodymia. 
25 [0063] In summary, in a most preferred embodiment of the invention, the inner layer of the catalyst comprises platinum 
deposited on active alumina and on ceria-rich ceria/zirconia mixed oxide, and the outer layer of the catalyst comprises 
platinum and rhodium deposited on active alumina and the outer layer further comprises ceria-rich ceria/zirconia mixed 
oxide. This catalyst is obtainable by the following process steps: 

30 a) preparing a solution of a praseodymium precursor, adding ceria/zirconia mixed oxide and adjusting the pH-value 

of the dispersion to thereby precipitate the praseodymium precursor onto ceria/zirconia. 

b) further adding alumina and optionally a zirconia component to the dispersion of step a), 

c) injecting a solution of a platinum precursor into the dispersion of step b) and precipitating it onto alumina, ceria/ 
zirconia and optionally the zirconia component to obtain a first coating composition for the inner layerof the catalyst, 

3$ d) coating a monolithic carrier with said first coating composition and drying and calcining the coating to thereby 

obtain a carrier coated with said inner layer, 

e) preparing a dispersion of active alumina and injecting a solution of a platinum compound int o this dispersion, 

f) thereafter injecting an aqueous solution of a soluble rhodium precursor into the dispersion from step e) and 
adjusting the pH-value of the dispersion to thereby obtain a dispersion of active alumina catalysed with platinum 

40 and rhodium, 

g) adding active alumina, ceria-rich ceria/zirconia mixed oxide and optionally a solution of a praseodymium pre- 
cursor to the dispersion of step f) to obtain a second coating composition for the outer layer of the catalyst, 

h) using said second coating composition to apply said outer layer on top of said inner layer and 
ii drying and calcining the coated monolithic carrier. 



45 



[0064] Most preferably, the active alumina used in steps a) and d) for the inner and outer layers is stabilised with 0,5 
to 20 wt -% of lanthana. In the above described method, the support materials and ceria/zirconia are in situ stabilised 
wiih piaseodymia. Alternatively, stabilisation of ceria/zirconia with praseodymia, yttria, neodymia, lanthana or mixtures 
theieof may be achieved in a separate step with the above doping compounds by impregnation, injection precipitation, 
50 co-precipitation, or co-thermohydrolysis. 

[0065] For stabilising ceria/zircon ia by impregnation, t he particulate ceria/zirconia is wetted with an aqueous solution 
of precursor compounds of the desired doping element and then dried and calcined. Frequently, pore volume impreg- 
nation is employed for that purpose. In that case the precursor compounds are solved in an amount of water which 
corresponds to the water absorption capacity of the ceria/zirconia. 

[0066] Injection precipitation has already been explained above for the deposition of the noble metal compounds 
onto the support materials. 

[0067] For stabilising ceria/zirconia by co-precipitation, a common solution is prepared from ceria and zirconia pre- 
cursor compounds and from a precursor compound of the stabilising element. Then the three compounds are simul- 
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taneously prec.pitated by add.ng a suitable precipitating agent. Thus, ceria/zirconia stabilised with praseodymium may 
be manufactured by prepanng a common solution of cerium nitrate, zirconium nitrate and praseodymium nitrate and 
add.ng ammonium carbonate or ammonium oxalate so that cerium, zirconium and praseodymium are precioitated 

cari rr or oxaiates - Af,er ,i,,ra,ion and ,he desired cLzzzisss 

by calcination. Alternatively, co-prec.pitation can also be effected in a basic medium 

[0068] For stabilising ceria/zirconia by co-thermohydrolysis. a sol is prepared from cerium hydroxynitrate, zirconium 
hydroxynurate and the hydroxynitrate of the doping element. Then the so. is dewatered by increasing the temperXe 
a in WO 98/?6472 Xyn at6S ^ deC ° mp ° Sed *° f ° rm ,he corresponding oxides. Co-thermohydrolysis is described e. 

[ m! 9 1 .T^ beneficia ' P r °P erties o' 'he catalyst according to the invention will now be explained further, with the help 
of the following examples. H 

[0070] Figure 1 shows a schematic representation of the measuring principle for determining CO/NOx cross-over 
points. 

Comparison Example 1: 

SIS™ £ conven,ional sin 9 ,e ^ P'atinum/rhodium catalyst CC1 (comparison catalyst 1 ) was prepared as follows 
l °°J, 2 ] .Cerium and z.rconiumja^bopate were treated with water and acetic acid overnight at room temperature to 
partly form ,the correspor^jceTates. To the resulting dispersion stabilised alumina and bulk low surface area ceria 

cZZT^ T We ' mi "L n9 ' 3 m ° noli,hic carrier was coaled wilh the slurry by a conventional dipping technique. The 
coated substrate was dried in air and calcined for 2 hours at 500°C in air 

£?il%/i e ; o,a,Was ^ t "P ,ake of ,he carrier vvas 205 g/l consisting of H2 g/l stabilised alumina. 34 g/l of bulk 
ceria, 34 g/l of cer.a and 25 g/l zirconia, both latter compounds originating from acetate precursors 
[0074] The washcoat layer was impregnated with chloride free platinum and rhodium salts (platinum tetraammine 
"(40 J?) n ' ,ra,G) ' maSS rati ° bGtWe ° n P ' atinUm ^ fh0diUm W3S 5Pt/IRh 31 3 concen 'ration of 1 ,41 g/ 

[0075] The final catalyst had the composition given in table 1 : 

Table 1 : 



Composition of comparison catalyst CCl 


component 


concentration [g/l] 


alumina (stabilised with 3 wt.-% La 2 0 3 ) 


112 


Ce0 2 (bulk) 


34 


Ce0 2 (ex acetate) 


34 


2r0 2 (ex acetate) 


25 


total oxide content 


205 


platinum 


1,175 


rhodium 


0.235 


total noble metal content 


1,41 



Example 1: 

[0076] A double layer catalyst CI according to the invention was prepared as follows: 
Preparation of first (inner) layer: 

[0077] To a solution of_praseodvmium acetate a cerium rich oxygen storage component (70 wt-% ceria 30 wt-% 
nr r ^Ti, WaS 3 f ^ COn,rol,ed in ' ec,ion of ammonia a "d stirring for about 30 minutes, praseodymium acetate was 
precpitated onto cena/zirconia. Subsequently, stabilised alumina (3 wt-% La 2 0 3 . 97 wt-% Al 2 0 3 ) and bulk zirconia 
were added. After this, a platinum solution ((E A)2 Pt(OH) 6 ) was injected into the sluny and platinum was precipitated 
onto alumma and cena/zirconia by proper adjustment of the pH-value of the dispersion with acetic acid After millinq 
tne slurry, a monolithic carrier was dipped into the slurry to apply the first layer. 

EJJJJ? ThS com P' ete washcoat uptake was 1 60 g/l. Finally the first layer was dried and thereafter calcined in air at 
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Preparation of second (outer) layer: ~ — 

^Ia^PUoTZT™ ( t T 0 ? 20 * 9 tT' % A ' 2 ° 3) Wasdis P efsed in water. Thereafter, a chloride free platinum 
rJ ! 2 ? )S u ? '! C,ed W3S read " y adSOrbSd 00,0 ,he a,umina Thereafter, rhodium nitrate was injected 
?Llt U . 9 PH " Va ' Ue b ° lh Ca,aly,iC com P° ne "«s were fixed onto the supporting alumina 

£ IT Wa ? COat a ' Umina ' Praseod y miom acetate and a ceria-rich oxygen storage component (70 wt- 
/o cena, 30 wt-% zirconia) were introduced. i»wwi 

[0081] Before coating a monolithic substrate, the slurry was adjusted to a pH of approximatelv 6 and milk* Th» 
total washcoa, uptake of the second ,ayer was 70 g*. The catafys,' was dried and «SS?a7S?c lr at ^ 
[0082] The final catalyst had the composition given in tables 2 and 3: 



Table 2: 
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Composition of inner layer of catalyst C1 


component 


concentration [g/l] 


alumina (stabilised with 3 wt.-% La 2 0 3 ) 
CeCVZrO, (70 wt.-% Ce0 2 ; 30 wt.-% 2r0 2 ) 

2r0 2 


80 
51,7 
4,3 
24 


total oxide content 


160 


platinum 


0,94 


Table 3: 


Composition of outer layer of catalyst C1 


component 


concentration [g/l] 


alumina (stabilised with 3 wt.-% La 2 0 3 ) 
CeCyZrOo (70 wt.-% Ce0 2 ; 30 wt.-% 2r0 2 ) 

alumina (unstabilised) 


10 
18,5 
1.5 
40 


total oxide content 


70 


platinum 
rhodium 


0,235 
0,235 


total noble metal content 


0,47 



ITwt *m us T^JST^^T IPt/1Rh " thS ,0P ' ayer The to,al pla,inum and rhodium content 

was 1 ,41 g/l (1,175 g Pt/| and 0,235 g Rh/I) at a mass rat.o of SPt/IRh (combined mass ratio for both layers). 
Comparison example 2: 

Comparison example 3: 

[0085] A double layer catalyst CC3 was prepared in the same way as the catalyst from example 1 Contrarv to 
example 1, the tola, amount of p la ,inum was applied to the firs, layer only. Thus, in the r*J£^££^ 
platinum and rhodium were completely separated from each other. comparison catalyst 
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Evaluation of catalysts: 



[0086] 
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a) Engine tests: 

The catalysts according to the above examples and comparison examples were first aged at an internal com- 

of U 8 o"c en fner af teMh TTT' ** ' > dUfin9 ?6 ^ « m " S <-P-<- in front of the ca^sTs 

of 850 C. Thereafter, the light off temperatures for the conversion of HC. CO and NO x and the CO/NO cross-over 

oHheMT^ I?? ^ ,6rm " li9ht ° ff ,em P erature - desi 9— the exhaust ga's tempera.u 50% 
ofthe respecfve pollutant ,s converted by the catalyst. The light off temperature may be different for HC, CO and 

Two separate aging runs were performed. In the first run, a sample of catalyst C1 and comparison catalvst 

cat alyTc^aSSca ^ " ^ ^ °' WaS ^ ^ 

r « th ? S nce w a9in9 mns cannot be reproduced exactly, the catalysts from the two aging runs 

ThS T, I'*' ° " ,h ! Cata,yS,S a9ed Wi,hin ,he Same a9in 9 run can be com P ar * d to one another 

^^iS^^ST at 8 space ve,oci,y °' 65000 h ° w,,h 9radua,,y increasing e — 

Measurement of CO/NOx cross-over points is schematically shown in Figure i . The lambda-value ol the air/ 
fue mix ure supp.ied to the engine is periodically changed from 0.98 (rich air/fuel mixture) to 1 02 Zan aXfue 
mixture) and vice versa. The residence times a, X=0,98 and X=1 ,02 were set to , minute eL. C^geove Irom 
ch to lecn and back again was done within 3 minutes. The corresponding lambda-sweep is shown in fL™ 

ro e) ' aSSOC ' a,ed C ° nVerSi0n ' 0r C ° 8nd N °x are als ° j » Fi 9-e 1- during 2 lean 

penod, CO-conversion , S virtually 100%, and drops to approximately 50 to 60% during the rich period The con 
vers-on curve for NO x behaves in a reciprocal manner. During the rich period. NO x -conversion approximates 1 00% 
whHc dunng the lean period NO x -conversion drops down to values between 50^ 60%. A, aTambda lie of 1" 

cZ ^T™,™™: Cr ° SS ° ther corres P° ndi "9 conversion value is the highest conversion wh eh 
can be achieved simultaneously for CO and NO x . The higher this cross-over point the better is the dynam^ be 
haviour of the catalytic activity of the catalyst. uynamic oe 

i^hH? iUS, - deSCrib f d ^termination of the cross-over point uses a so-called static lambda-sweep A dynamic 
lambda-sweep can also be used. In that case, the sweep curve for the .ambda value is additionally modulated ™«h 

^TeZlZ^T ^ amPli I Ude be ±1 ° f M - 5 " F (air/,Ue ')- This amplitude usually i larger 
than the amplitude of the sweep curve of ±0.02 X, corresponding to an A/F-amplitude of ±0 3 

of fiinn H- i 3m H C ™?r '° r ,he Ca,alyS,S ° f the P recedinQ examples were measured a. a space velocity 
of. 65000 h and at 450-C and 400°C exhaust gas temperature. At 450°C exhaust gas temperature the aS 
ratio was modulated w.th a frequency of ^ Hz and an amplitude of 1 A/F (1 Hz ± 1 air/fuel) M 400°C exhaus aas 
temperature the modulation amplitude was reduced to 0,5 A/F (1 Hz ± 0 5 air/fuel) 

f,r«. In,nr aSU !,! d T^?'* tabl6S 4 and 5 Table 4 Com P ares the ca,a| y sts wl ^h were aged during the 

drst aging run while table 5 compares the catalysts aged during the second aging run: 

Table 4: 





T50 [°C] 


CO/NO x [%] 


catalyst 


HC 


CO 


NO x 


1 Hz ± 1 A/F 


1 Hz ±0 : 5 A/F 


C1 
CC1 


360 
387 


363 
407 


354 
332 


84 
76 


88 
62 


CC: comparison catalyst; C: catalyst; 

T so : light olf temperature for 50% conversio 


n 



50 



55 



Table 5: 





T50 f°C] 


CO/NO x [%] 


catalyst 


HC 


CO 


NO x 


1 Hz ± 1 A/F 


1 Hz ± 0 : 5 A/F 


C1 


366 


355 




354 


90 


87 


CC2 


373 


374 




359 


85 




CC3 


389 


391 




379 


72 


79 



BNSDOCID: <EP. 1046423A2 I, > 



10 



EP 1 046 423 A2 



b) Model gas tests: * — -■ 

After aging the catalysts of example 1 and comparison example 3 for 16 hours at 985°C in a lean synthesis 
gas mixture containing 6 vol.-% 0 2 . 10 vol.-% H 2 O t 20 ppm S0 2 . balance N 2 , the CO/NO x cross-over points were 
determined at a gas temperature of 400°C and a space velocity of 100000 It 1 . The cross-over points were deter- 
mined for three different concentrations of S0 2 of the gas mixture (0. 5 and 20 ppm). The results are given in Table 6: 



Table 6: 





CO/NO x [%] 


catalyst 


0 ppm S0 2 


5 ppm S0 2 


20 ppm SO a 


C1 


65 


61 


52 


CC3 


42 


35 


30 



is Example 2: 



[0087] A further set of 4 different catalysts, C2, C3, C4 and C5, were prepared according to example 1. Differently 
from example 1 , all catalysts were manufactured with a total noble metal loading of 2,1 2 g/l (60 g/ft 3 ). The weight ratio 
of platinum to rhodium in the upper layer was varied to determine its influence on the catalytic properties of the catalysts. 
20 The noble metal distribution of these catalysts is listed in table 7. 



Table 7: 



noble metal distribution 




inner layer 


outer 


layer 


outer layer 


both layers 


Catalyst 


Pt [g/l] 


Pt [g/l] 


Rh [g/l] 


Pt/Rh 


Pt/Rh 


C2 


1.41 


0,35 


0,35 


1:1 


5:1 


C3 


1,73 


0,035 


0,35 


1:10 


5:1 


C4 


0,71 


1,06 


0,35 


3:1 


5:1 


C5 


1,77 


0,0 


0,35 


0:1 


5:1 



[0088] Before determining the CO/NO x cross-over points, all four catalysts were aged for 12 hours at an exhaust 
gas temperature in front of the catalysts of 1100°C in a synthetic gas mixture of 6 vol.-% oxygen, 10 vol.-% water 

35 vapour, 20 ppm sulfur dioxide, balance nitrogen. 

[0089] The static cross-over points of these catalysts were determined at an exhaust gas temperature of 400°C and 
a space velocity of 100000 rr 1 . During the test the lambda value of the exhaust gas was increased from 0,96 to 1 ,02 
within 5 minutes. At 1 ,02 the lambda value was kept constant for 1 minute. Then the lambda value was lowered again 
to 0,98 in 5 minutes. After a dwell time of 1 minute, the described cycle was repeated again for 2 times. The CO/NO x 

40 cross-over values given in table 9 are mean values from the last two test cycles. X 



Table 8: 



CO/N0 3 


K cross-over points 


catalyst 


CO/NO x [%] static 


C2 


90 


C3 


55 


c4 


94 


C5 


<30*> 



*): no cross-over point 



[0090] For these measurements the model gas had the following composition: 



CO 


1,40 vol. -% 


H 2 


0,47 vol.-% 


NO 


0,1 vol.-% 


co 2 


14,0 vol.-% 


so 2 


20 ppm 


H 2 0 


10 vol -% 
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(continued) 



C 5 H 6 


665 ppm 


C3H3 


333 ppm 


°2 


0,93- 1,77 vol.-% 


N 2 


balance 



[0091] For performing the lambda-sweep the oxygen content of the model gas was varied between 0 93 and 1 77 
vol.-%. 



10 



15 



Example 3: 

[0092] Two further catalysts, C6 and C7, with a total noble metal loading of 1 ,41 g/l (40 g/fp), were prepared according 
to example 1 . For the preparation of catalyst C6, example 1 was exactly duplicated, while for the preparation of catalyst 
C7 the sequence of platinum and rhodium impregnation for the second support was inverted. First, rhodium was de- 
posited onto the activated alumina support and only thereafter platinum. 

[0093] Both catalysts were tested for their CO/NO x cross-over behaviour and their light off temperatures. The results 
are given in table 9. 



Table 9: 



25 



30 



35 



40 





T50 [°c] 


CO/NO x [%] 


catalyst 


HC 


CO 


NO x 


1 Hz ± 0,25 A/F 


1 Hz ± 0,5 A/F 


1 Hz ± 1 A/F 


C6 
C7 


360 
359 


362 
355 


354 
353 


99 
97 


95 
90 


90 
82 



[0094] From the results of table 9 it can be seen that the dynamic behaviour of catalyst C6 is much better than of 
C7. Without wanting to be bound by any theory, this effect may be explained by a more intimate contact between 
platinum and rhodium if platinum is deposited first and then rhodium. 

Example 4: 

[0095] Four further catalysts, C8, C9, C10 and C11, were prepared according to example 1 with the followinq alter- 
ations: 

[0096] The total noble metal loading was set to 1 ,77 g/l (50 g/ft*). The platinum/rhodium ratio was changed to 3 2 
In addition, different amounts of Mn0 2 and NiO were added in particulate form to the coating dispersions for the inner 
layers of catalysts C9 to C1 1 . These hydrogen sulfide suppressing components were added to the coating dispersions 
after the injection of the platinum compound. 

[0097] For measuring the hydrogen sulfide emission of these catalysts, they were first loaded under lean conditions 
with sulfur (space velocity 65000 h-i; temperature 550°C; lambda 1,01; approximate sulfur content of fuel 200 ppm 
approximate loading time >0,5 h). Thereafter, the lambda value was lowered to 0,88, and the emission of hydrogen 
sulfide was measured with an online mass spectrometer. The peak maximum of hydrogen sulfur emission is listed in 
table 1 0 for the catalysts C8 to Cl 1 . 



Table 10: 



45 



50 



55 



suppressi 


on of H 2 S-emission by Mn0 2 and NiO 


Catalyst 


both layers 


total Pt + Rh 


inner layer 


H 2 S maximum 


Pt/Rh 


[g/i] 


H 2 S suppressing component [g/l] 


[ppm| 


C6 
C9 
CIO 
C11 


3:1 
3:2 
3:2 
3:2 


1,77 
1,77 
1,77 
1.77 


20 Mn0 2 
40 Mn0 2 
5 NiO 


750 
380 
330 
100 



Example 5: 

[0098] The catalysts according to the invention do not contain palladium. Nevertheless, they have proved to yield 
comparably low emissions of hydrocarbons, carbon monoxide and nitrogen oxides as do catalysts using palladium 
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and rhodium. ~— ~ 

[0099] A further object of the invention was to reduce the costs for the platinum group metals (PGM) of the novel 
platinum/rhodium catalysts as compared to conventional double layer palladium/rhodium catalysts given the PGM 
prices as of April 1 999. Therefore, catalysts according to example 1 with different total noble metal loading and varying 
platinum/rhodium ratio were prepared and compared with respect to exhaust gas cleaning activity and PGM^osts 
[0100] The catalysts were tested on a EU-II certified vehicle as main underfloor catalysts with a ratio of catalyst 
volume/engine capacity of 0,67. All catalysts were measured following aging of 1 6 hours at 985°C with 1 0% by volume 
water in nitrogen. The tests were carried out with stoichiometric cold start according to the new European test cvcle 
MVEG-EUIII. H y 

[0101] The relative emissions are given in Table 11 with the values for the palladium/rhodium comparison catalyst 
(14Pd/1Rh) set to 100: 



Table 11: 



75 



20 



25 



30 



Relative emissions versus PGM-costs 


total PGM loading 


PGM-ratio 


relative Emissions 


PGM costs 


[9/1] 


HC 


CO 


NO x 


3.53 


14Pd/1Rh 


100 


100 


100 


100 


1,41 


5Pt/1Rh 


119 


110 


112 


51 


1,77 


3Pt/2Rh 


92 


91 


83 


75 


3,32 


45Pt/2Rh 


128 


108 


110 


108 


3,89 


9Pt/2Rh 


80 


75 


56 


142 



[0102] As shown in table 11, the conversion of HC, CO and NO x is strongly influenced by the rhodium loading, and 
that for a given emission target, reducing the platinum content in favour of the rhodium content is beneficial. While, for 
example, a rhodium-enriched loading of 1,77 g/l (3Pt/2Rh) in the EU-II certified vehicle shows lower emissions for all 
three pollutant components compared with the Pd/Rh reference (3,53 g/l, 14Pd/1Rh), the 3,32 g/l (45Pt/2Rh) variant 
with high platinum content, falls behind the results of the 1 ,77 g/l loading (3Pt/2Rh), despite higher overall loading and 
distinctly higher precious metal costs. 

[01 03] Further variations and modifications of the foregoing will be apparent tothose skilled in the art and are intended 
to be encompassed by the claims appended hereto. 



40 



Claims 

1. High performance catal^Lcmlajning an inner and an ont^r layer on .an inert carrier body comnrisinn noble m etals 

from th e platinum group de posited on support materials, ~ 

characterised in that, 

the^aqgnayer comprises platinum deposited on a first support and on a first oxygen storage component and the 
(outerjaj&r comprises pjajinum and rhodium_d e posited on a second support and the outer layer further comprises 
a second oxygen storage component. 

2. The catalyst according to claim 1 , 
45 characterised-4n-4hat, 

sai(^^^nd^eco no>supports are the same or different and are compounds selected from the group consisting 
of silica. ^lumiria^ itanta, zirconia, mixed oxides or mixtures therefrom and zirconia-rich zirconia/ceria mixed oxide. 



so 



55 



3. The catalyst according to claim 2, 
characterised in that, 

said first and second supports are activated alumina stabilised w ith 0,5 to 20 wt.-% of lanthana. 

4. The catalyst according to claim 3, 
characterised in that, 

said first support further comprises a zirconia component 

5. The catalyst according to claim 1 , 
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characterised in that, — - 

said first and second oxygen storage components are the same or different and comprise ceria-rich ceria/zirconia 
mixed oxide compounds. 

5 6. The catalyst according to claim 5, 
characterised in that, 

said ceria/zirconia mixed oxide compounds are stabilised with praseodymia, yttria, neodymia, lanlhana or mixtures 
thereof. 

10 7. The catalyst according to claim 6, 
characterised in that, 

saio/6ute^Jayer further comprises activated alumina. 

8. The catalyst according to claim 1 , 
is characterised in that, 

said outer layer further comprises highly dispersed yttria, neodymia, lanthana or praseodymia. 

9. The catalyst according to claim 1 , 
characterised in that, ^ ^ 

^plalioiijiLaDd rhodium are present on said feecond^support in intimate contact with each other. 



20 



25 



30 



10. The catalyst according to one of the claims 1 to 9. 
characterised in that, 

said carrier body is in the form of a honeycomb with a plurality of substantially parallel passage ways extending 
therethrough, the passage ways being defined by walls onto which the inner layer is applied in amounts of from 
about 50 to 250 g/l and the outer layer is applied in amounts of from 10 to 150 g/l of the carrier body. 

11. The catalyst according to claim 10, 
characterised in that, 

said first support is present in amounts of from 20 to 150 g/l. said first oxygen storage component is present in 
amounts of from 10 to 100 g/l and the zirconia support is present in amounts of from 5 to 60 g/l. 

12. The catalyst according to claim 11, 
characterised in that, 

platinum is present in said inner layer in concentrations of from 0,01 to 5 wt.-% relative to the total weight of said 
inner layer. 

13. The catalyst according to claim 1 2, 
characterised in that, 

said second support is present in amounts of from 5 to 100 g/l, said second oxygen storage component is present 
in amounts of from 5 to 100 g/l and the activated alumina is present in amounts of from 5 to 50 g/l. 

14. The catalyst according to claim 1 3, 
characterised in that, 

platinum and rhodium are present in said outer layer in concentrations of from 0,5 to 20 wt.-% relative to the total 
weight of said outer layer and the platinum/rhodium mass ratio is selected from the range of from 5:1 to 1:3. 

1 5. The catalyst according to claim 1 4, 
characterised in that, 

at least one of said inner and outer layers further comprises from about 1 to 40 g/l of a nic kel, iron o r manganese 
component. « ' ~- — ■ ^ 

16. A method for manufacturing a catalyst according to claim 1 t 
characterised in that, 

55 the method comprises the steps of 

a) coating the walls of the passage ways of the carrier body with a coating composition containing particulate 
materials comprising said first support material and said first oxygen storage component, 
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b) drying and calcining said coating, * — - 

c) dipping the coated carrier body into a solution of a soluble precursor compound of platinum and calcining 
the coating, and 

d) applying the outer layer on top of the inner layer. 

5 

17. A method for manufacturing a catalyst according to claim 1, 
characterised in that, 

the method comprises the steps of 

10 a ) catalysing particulate materials comprising said first support material and said first oxygen storage compo- 

nent by impregnating them with a solution of a soluble precursor compound of platinum, drying and calcining 
the materials to thermally fix platinum thereon, 

b) preparing an aqueous coating composition with the catalysed materials from step a) and coating the walls 
of the passage ways of the carrier body with this coating composition, 
75 c) drying and calcining said coating, and 

d) applying the outer layer on top of the inner layer. 

18. A method for manufacturing a catalyst according to claim 1, 
characterised in that, 

20 the method comprises the steps of 

a) preparing a dispersion from particulate materials comprising said first support material and said first oxygen 
storage component and injecting a solution of a soluble platinum precursor compound, 

b) fixing the platinum compound on all particulate materials by adjusting the pH-value of the dispersion to 
25 thereby obtain a coating composition, 

c) coating the walls of the passage ways of the carrier body with the aqueous coating composition from step a), 

d) drying and calcining said coating, and 

e) applying the outer layer on top of the inner layer. 

30 19. A method for manufacturing a catalyst according to anyone of the claims 16 to 18, 
characterised in that, 
the method further comprises the steps of 



35 



a) impregnating said second support with a solution of soluble precursor compound of platinum and a com- 
pound of rhodium drying and calcining the impregnated support to thereby obtain a catalysed support, 

b) preparing an aqueous coating composition from said catalysed support, said second oxygen storage com- 
ponent and additional active alumina, and 

c) using said coating composition to apply said outer layer on top of said inner layer 

io 20. A method for manufacturing a catalyst according to anyone of the claims 16 to 18, 
characterised in that, 
the method further comprises the steps of 

a) preparing a dispersion from said second support material and injecting a solution of a soluble platinum 
45 precursor compound, 

b) thereafter injecting a solution of a soluble precursor compound of rhodium into the dispersion from step a) 
and adjusting the pH-value of the dispersion to thereby obtain a support catalysed with platinum and rhodium, 

c) preparing a coaling composition from the dispersion of step b) by adding said second oxygen storage com- 
pound and additional active alumina, 

50 d ) using said coating composition to apply said outer layer on top of said inner layer and 

e) drying and calcining the coated monolithic carrier. 

21. High performance catalyst according to claim 1 , 
characterised in that, 

55 the inner layer comprises platinum deposited on active alumina and on ceria-rich ceria/zirconia mixed oxide and 

the outer layer comprises platinum and rhodium deposited on active alumina and the outer layer further comprises 
ceria-rich ceria/zirconia mixed oxide and the catalyst is obtainable by 
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a) preparing a solution of a praseodymium precursor, adding ceria/zirconia-mixed oxide and adjusting the oH- 
value of the dispersion to thereby precipitate the praseodymium precursor onto ceria/zirconia 

b) further adding active alumina to the dispersion of step a). 

c) injecting a solution of a platinum precursor compound into the dispersion of step b) and precipitating it onto 
alumina and cena/zirconia to obtain a first coating composition for the inner layer of the catalyst 

d) coating a monolithic carrier with said first coating composition and drying and calcining the coating to thereby 
obtain a carrier coated with said inner layer, ' 

e) preparing a dispersion of active alumina and injecting a solution of a platinum compound into this dispersion 

f) thereafter injecting a solution of soluble rhodium precursor compound into the dispersion from step e) and 
adjusting the P H-value of the dispersion to thereby obtain an aqueous dispersion of active alumina catalysed 
with platinum and rhodium, y 

g) adding active alumina and ceria-rich ceria/zirconia mixed oxide to the dispersion of step f) 

h) using said second coating composition to apply said outer layer on top of said inner layer and 

i) drying and calcining the coated monolithic carrier. 

22. Catalyst according to claim 21 , 
characterised in that, 

the active aluminas from step b) and e) are stabilised with 0,5 to 20 wt.-% of lanthana. 

20 23. Catalyst according to claim 21 , 
characterised in that, 

in step b) a further zirconia component is added. 

24. Catalyst according to claim 21 , 
25 characterised in that, 

a solution of a praseodymium precursor compound is added to the dispersion of step e). 
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